The memory CD8 T cell compartment in human cervicovaginal tissue (CVT) is phenotypically 27 and functionally distinct compared to other non-lymphoid tissues. To determine if these 28 distinctive features are driven by residence in the tissue itself, rather than a consequence of 29 local antigenic insults, we used a mouse model to assess memory CD8 T cell differentiation in 30 the CVT. Following systemic immunization to elicit a CD8 T cell response to a herpes simplex 31 virus (HSV) epitope, HSV-specific memory CD8 T cells were stably maintained in other tissues 32 but gradually declined in the CVT over 5 months post-immunization, correlating with a delay in 33 viral control upon HSV challenge. While memory cells in the periphery and small intestine 34 maintained a fairly stable phenotype after 30 days, memory CD8 T cells in the CVT gradually 35 acquired a CD103 + , TCF-1 -, granzyme B + phenotype over the 5 month time span. Notably, a 36 sizable and phenotypically similar population of CD8 T cells was also found in human CVT. Our 37 data indicate that the CVT environment itself considerably affects memory CD8 T cell 38 maintenance and differentiation, and call for a reassessment of the prevalent model of memory 39 T cell maintenance which does not currently account for tissue-specific divergence.
Introduction
gB-specific memory CD8 T cells showed an increase in Sell (CD62L) and Il7r expression in late encodes TCF-1) was expressed by a significant proportion of gB tetramer + cells in the blood 167 ( Fig. 5C ), but rarely detected in gB tetramer + cells isolated from the CVT, regardless of time 168 point. Similar to this finding, the majority of CD103 + CD8 T cells in human vaginal tissue were 169 TCF-1 - (Fig. 5D) and expressed lower levels of TCF-1 than memory (CD45RA -) CD8 T cells in 170 matched blood, though this result was not statistically significant ( Fig. 5E) . We additionally 171 observed that most granzyme B + CD8 T cells in human vaginal tissue co-expressed CD103 172 ( Fig. 5F-G) , also mirroring the phenotype we observed in mouse CVT. These data demonstrate 173 that CD103 + CD8 T cells residing in both mouse and human cervicovaginal tissues express 174 granzyme B and lack TCF-1.
176
Numerical and phenotypical changes of HSV-specific memory T cells in the CVT lead to 177 delayed protection against viral challenge. different gB-specific T cell response kinetics between the early and late memory groups. In this
Discussion

213
Here, we report that immunization with LM-gB induces a robust HSV-specific memory 214 CD8 T cell population in both lymphoid and non-lymphoid tissues including the CVT. Over the 215 course of 5 months following immunization, gB-specific memory CD8 T cells in the CVT 216 numerically declined and gradually acquired expression of CD103 and granzyme B. Conversely,
217
HSV-specific CD8 T cells that were circulating (spleen, LN) or resident in the SI were 218 numerically and phenotypically stable over the same time course ( Figs. 1-3) . Previous studies 219 have shown that the memory CD8 T cell pool in the lung also declines over time (26) (27) (28) .
220
However, around 90% of memory CD8 T cells in the lung are pulmonary vasculature-associated 221 (29), and are thus i.v. label positive, whereas about 90% of the memory CD8 T cells in the CVT 222 were i.v. label negative cells associated with the tissue parenchyma ( Fig. 2) . Thus, our data by the tissue environment.
225
The cervicovaginal mucosa is distinct from other parts of the female reproductive tract 226 and other mucosal tissues in terms of epithelium type and physiology. Specifically, the vagina 227 and ectocervix are composed of type II mucosa and the endocervix and uterus are composed of 228 type I mucosa, with the cervical transformation zone marking the area where the simple 229 columnar epithelial cells of the endocervix meet the stratified squamous epithelial cells of the 230 ectocervix and vagina. In contrast, the gut and the lung, other mucosal tissues commonly 231 studied in the case of CD8 T cell memory, are type I mucosal surfaces (30). In addition to these 232 differences in the structure of the epithelium, there are differences in the complexity and 233 makeup of the microbiota at different mucosal tissue sites, which may also contribute to tissue-234 specific environmental differences that could affect memory CD8 T cell differentiation and 235 function. In line with these differences between the vagina and mucosal tissues such as the gut, that the CVT tissue microenvironment is deficient in signals that are important for residenttissues and are used as a benchmark in clinical studies to assess immune responses to 241 vaccines and to establish correlates of protection. Our data indicate that there is a disconnect 242 between memory CD8 T cell frequency, phenotype, and stability in the periphery and the CVT.
243
The numerical and phenotypical changes of the memory CD8 T cell compartment 1 month vs. 5 244 months post-immunization ultimately influenced the rapidity of the immune response to vaginal 245 viral challenge ( Fig. 6) . These data highlight the importance of tissue-resident memory CD8 T 246 cells in mediating immunity in the CVT as well the need to study immune responses directly 247 within the relevant tissue.
248
Sexually-transmitted infections (STI) have a significant impact on global health, yet we 249 currently lack effective vaccines to prevent the majority of these infections, including HIV, HSV, 250 and bacterial STIs. Our data demonstrate that following systemic immunization, animals were 251 partially protected against HSV-2 lethality by gB-specific memory CD8 T cells (Fig. 6 ). This 252 protection was observed despite the lack of HSV-specific CD4 T or B cell memory, elements of 253 the immune response that are often considered crucial for protection against HSV-2 (32-35). It 254 is possible that a new focus on vaccine strategies that elicit memory CD8 T cells within the 255 genital mucosa, the site of first exposure to STIs, will increase vaccine efficacy. Design of these 256 approaches relies on understanding how memory CD8 T cells are maintained within these 257 genital tract mucosal tissues. Of note, our data from human vaginal tissue biopsies suggest that 258 the phenotype we observed in the mouse CVT is not specific to the mouse. Further studies are 259 required to better understand the relationship between the different subsets in human tissues as
In summary, we demonstrate that residence within cervicovaginal tissue alters memory 262 CD8 T cell differentiation and maintenance compared to circulating memory T cells (spleen, LN) 263 as well as tissue-resident memory T cells in the SI. Given that memory CD8 T cells in our study 264 were elicited by systemic immunization and Listeria monocytogenes is cleared from spleen and 265 liver within 7-8 days and antigen-presentation is short-lived in this context (36), our data support 266 the conclusion that the CVT tissue environment directly affects memory CD8 T cell Hbb−bs S100a4
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